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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide excellent 
battery characteristics by synthesizing a mixture mainly 
composed of a plurality of sulphides containing a 
transition metal sulphide, a lithium sulphide and at least 
one kind of sulphide selected from a group of a silicon 
sulphide, boron sulphide, phosphorus sulfide, germanium 
sulfide or aluminum sulfate. 

SOLUTION: This electron-lithium ion mixed conductor is 
obtained by synthesizing a mixture mainly composed of a 
plurality of sulphides containing a transition metal 
sulphide containing at least one kind selected from a 
group of Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Nb or Mo, a lithium 
sulphide and at least one kind of sulphide selected from 
a group of a silicon sulphide, boron sulphide, phosphorus 
sulfide, germanium sulfide or aluminum sulfate. The 
mixture mainly composed of a plurality of sulphides 
containing the transition metal sulphide and the lithium 
sulphide is made amorphous and synthesized at a 
cooling rate of 10 k/s or more. The electron-lithium ion 

mixed conductor is used for at least either a positive electrode 1 or negative electrode 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electron and lithium ion mixed conductor characterized by for an empirical formula 
compounding the mixture which made the subject two or more sulfides which contain at least a 
kind of sulfide chosen from the group which consists of the transition-metals sulfide expressed 
with MeSx (metallic element to which Me makes a subject one kind or two or more sorts of 
transition-metals elements), a sulfuration lithium and sulfuration silicon, sulfuration boron, a 
phosphorus sulfide, a germanium sulfide, or an aluminum sulfate, and obtaining it. 

[Claim 2] The electron and lithium ion mixed conductor according to claim 1 characterized by an 
electron and a lithium ion mixed conductor being amorphous. 

[Claim 3] The electron and lithium ion mixed conductor according to claim 1 characterized by 
including at least one chosen from the group which the transition-metals sulfide by which an 
empirical formula is expressed with MeSx becomes from Ti, V, Cr, Mn, Fe, Co, nickel, Zr, Nb, or 
Mo. 

[Claim 4] The electron and lithium ion mixed conductor according to claim 1 characterized by 
surely including sulfuration silicon. 

[Claim 5] The synthesis method of the electron and lithium ion mixed conductor characterized 
by for two or more sulfides containing the transition-metals sulfide and sulfuration lithium by 
which an empirical formula is expressed with MeSx (metallic element to which Me makes a 
subject one kind or two or more sorts of transition-metals elements) making amorphous mixture 
which is a subject, and compounding it with 10 or more K/s of cooling rates. 

[Claim 6] The synthesis method of the electron and lithium ion mixed conductor according to 
claim 5 characterized by the mixture which made the subject two or more sulfides containing a 
sulfuration lithium containing sulfuration silicon. 

[Claim 7] The synthesis method of the electron and lithium ion mixed conductor characterized 
by making it amorphous after adding the transition-metals sulfide by which an empirical formula 
is expressed with MeSx (metallic element to which Me makes a subject one kind or two or more 
sorts of transition-metals elements) to the solid electrolyte melt which made the subject two or 
more sulfides which contain at least a kind of sulfide chosen from the group which consists of a 
sulfuration lithium and sulfuration silicon, sulfuration boron, a phosphorus sulfide, a germanium 
sulfide, or an aluminum sulfate. 

[Claim 8] The synthesis method of the electron and lithium ion mixed conductor according to 
claim 7 characterized by including at least one chosen from the group which the transition- 
metals sulfide by which an empirical formula is expressed with MeSx becomes from Ti, V, Cr, Mn, 
Fe, Co, nickel, Zr, Nb, or Mo. 

[Claim 9] The synthesis method of the electron and lithium ion mixed conductor according to 
claim 7 characterized by the mixture which made the subject two or more sulfides containing a 
sulfuration lithium containing sulfuration silicon. 

[Claim 10] All the solid-state lithium secondary batteries that are all solid-state lithium 
secondary batteries of composition of having pinched the solid electrolyte layer between the 
positive-electrode layer and the negative-electrode layer, and are characterized by using an 
electron and a lithium ion mixed conductor given in either of the claims 1-4 at one [ at least ] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww6.ipdl.jpo.| 2003/07/22 





2/2 v 



electrode layer. 

[Claim 11] All the solid-state lithium secondary batteries that are all solid-state lithium 
secondary batteries of composition of having pinched the solid electrolyte layer between the 
positive-electrode layer and the negative-electrode layer, and are characterized by compounding 
one [ at least ] electrode by the synthesis method given in nine from a claim 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[The technical field to which invention belongs] this invention relates to the electron and lithium 
ion mixed conductor which made the subject two or more sulfides containing a transition-metals 
sulfide and a sulfuration lithium, and its synthesis method. Moreover, it is related with the 
variational method of the transition-metals sulfide in the inside of the solid electrolyte which 
made the subject two or more sulfides containing a sulfuration lithium. Furthermore, it is related 
with all the solid-state lithium secondary batteries that used these electrons and the lithium ion 
mixed conductor, or the transition-metals sulfide variational method. 

[ 0002 ] 

[Description of the Prior Art] In recent years, the need of the Personal Digital Assistant 
represented by a cellular phone and the mobile computer shows the rise quickly, and has 
become one of the fields to which growth will be expected most from now on. As a request from 
the Personal Digital Assistant commercial scene, small and lightweight— izing of a terminal, and 
prolonged use are called for strongly. In order to satisfy this request, highly-efficient-izing of the 
rechargeable battery which is the source of an electric power supply of a Personal Digital 
Assistant is indispensable, and research and development of a rechargeable battery are done in 
every direction. 

[0003] Also in it, research and development are especially furthered actively from the formation 
of high-energy density being possible for a lithium secondary battery. 

[0004] 

[Problem(s) to be Solved by the Invention] The lithium secondary battery usually uses the 
inflammable organic solvent as the electrolytic solution. Therefore, with the formation of high- 
energy density of a lithium secondary battery, inside the cell, a result with which a combustible 
and the chemical of high-energy density coexist is brought, and importance is attached to 
especially the safety of a lithium secondary battery. 

[0005] Development of all the solid-state lithium secondary batteries that replaced the 
inflammable organic solvent with the noncombustible lithium ion conductivity solid electrolyte as 
one of the approaches which raise the safety of a lithium secondary battery is raised. 

[0006] A solid electrolyte is allotted and all solid-state lithium secondary batteries are 
constituted so that a positive-electrode layer, a negative-electrode layer, and they may be 
separated. An electrode mixes the electronic electric conduction agent for usually forming the 
solid electrolyte and electronic-conduction way for forming an ionic conduction way in addition 
to an electrode active material, and is constituted. 

[0007] Although it must exist simultaneous [ three an electrode active material, an electronic- 
conduction way, and ionic conduction ways ] in order for electrochemical reaction to arise within 
a cell, since all the material that has these functions is solid-states, in all solid state batteries, it 
is difficult for a reaction interface in which an electronic-conduction way, an ionic conduction 
way, and these tracts exist simultaneously with an electrode active material to form uniformly 
throughout an electrode. For this reason, in all solid state batteries, since electrode reaction was 
not able to advance easily or it was easy to produce the field where electrode reaction is not 
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performed, the active material utilization factor was low, internal impedance tended to become 
high and highly-efficient-izing of all solid state batteries was difficult for it 

[0008] In this invention, these technical problems are solved and it aims at offering all the solid- 
state lithium secondary batteries that have the outstanding cell property. 

[0009] 

[Means for Solving the Problem] This inventions are the electron and a lithium ion mixed 
conductor with which an empirical formula compounds the mixture which made the subject two 
or more sulfides which contain at least a kind of sulfide chosen from the group which consists of 
the transition-metals sulfide expressed with MeSx (metallic element to which Me makes a 
subject one kind or two or more sorts of transition-metals elements), a sulfuration lithium and 
sulfuration silicon, sulfuration boron, a phosphorus sulfide, a germanium sulfide, or an aluminum 
sulfate, and is obtained. 

[0010] Furthermore, this invention uses this electron and lithium ion mixed conductor for one 
[ at least ] electrode, and constitutes all solid-state lithium secondary batteries. 

[0011] Moreover, with the cooling rate of 10 or more K/s, this invention makes amorphous 
mixture two or more sulfides of whose which contain the transition-metals sulfide and sulfuration 
lithium by which an empirical formula is expressed with MeSx (metallic element to which Me 
makes a subject one kind or two or more sorts of transition-metals elements) as a synthesis 
method of these electrons and a lithium ion mixed conductor are subjects, and compounds it. 
[0012] Moreover, after this invention adds the transition-metals sulfide by which an empirical 
formula is expressed with MeSx (metallic element to which Me makes a subject one kind or two 
or more sorts of transition-metals elements) to the solid electrolyte melt which made the 
subject two or more sulfides which contain at least a kind of sulfide chosen from the group 
which consists of a sulfuration lithium and sulfuration silicon, sulfuration boron, a phosphorus 
sulfide, a germanium sulfide, or an aluminum sulfate, it is made to make it amorphous, and 
distributes and compounds a transition-metals sulfide. 

[0013] Furthermore, this invention constitutes all solid-state lithium secondary batteries using 
the electrode which compounded by this transition-metals sulfide variational method to either 
[ at least ] the positive electrode or the negative electrode, and was produced to it. 

[0014] The lithium secondary battery which has the outstanding cell property can consist of raw 
materials which made the subject two or more sulfides containing a transition-metals sulfide and 
a sulfuration lithium from these things by being able to obtain an electron and a lithium ion mixed 
conductor, and using this mixed conductor for one [ at least ] electrode of all solid-state lithium 
cells. 

[0015] 

[Embodiments of the Invention] This inventions are the electron and lithium ion mixed conductor 
with which the empirical formula compounded the mixture which made the subject two or more 
sulfides which contain at least a kind of sulfide chosen from the group which consists of the 
transition-metals sulfide expressed with MeSx (metallic element to which Me makes a subject 
one kind or two or more sorts of transition-metals elements), a sulfuration lithium and sulfuration 
silicon, sulfuration boron, a phosphorus sulfide, a germanium sulfide, or an aluminum sulfate, and 
was obtained. 

[0016] Furthermore, an electron and a lithium ion mixed conductor are amorphous. 

[0017] Furthermore, the transition-metals sulfide by which an empirical formula is expressed 
with MeSx contains at least one chosen from the group which consists of Ti, V, Cr, Mn, Fe, Co, 
nickel, Zr, Nb, or Mo. 

[0018] Furthermore, sulfuration silicon is surely included. 

[0019] Moreover, this invention is the synthesis method of the electron and lithium ion mixed 
conductor with which two or more sulfides containing the transition-metals sulfide and 
sulfuration lithium by which an empirical formula is expressed with MeSx (metallic element to 
which Me makes a subject one kind or two or more sorts of transition-metals elements) make 
amorphous mixture which is a subject, and compound it with 1 0 or more K/ s of cooling rates. 
[0020] Furthermore, the mixture which made the subject two or more sulfides containing a 
sulfuration lithium contains sulfuration silicon. 
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[0021] Moreover, this invention is the synthesis method of the electron and lithium ion mixed 
conductor made amorphous, after adding the transition-metals sulfide by which an empirical 
formula is expressed with MeSx (metallic element to which Me makes a subject one kind or two 
or more sorts of transition— metals elements) to the solid electrolyte melt which made the 
subject two or more sulfides which contain at least a kind of sulfide chosen from the group 
which consists of a sulfuration lithium and sulfuration silicon, sulfuration boron, a phosphorus 
sulfide, a germanium sulfide, or an aluminum sulfate. 

[0022] Furthermore, the transition-metals sulfide by which an empirical formula is expressed 
with MeSx contains at least one chosen from the group which consists of Ti, V, Cr, Mn, Fe, Co, 
nickel, Zr, Nb, or Mo. 

[0023] Furthermore, the mixture which made the subject two or more sulfides containing a 
sulfuration lithium contains sulfuration silicon. 

[0024] Moreover, this inventions are all the solid-state lithium secondary batteries of 
composition of having pinched the solid electrolyte layer between the positive-electrode layer 
and the negative— electrode layer, and are all solid-state lithium secondary batteries that use the 
electron and lithium ion mixed conductor of one of the above for one [ at least ] electrode layer. 
[0025] Moreover, this inventions are all solid-state lithium secondary batteries that are all solid- 
state lithium secondary batteries of composition of having pinched the solid electrolyte layer, 
and compound one [ at least ] electrode by the synthesis method of one of the above between a 
positive-electrode layer and a negative-electrode layer. 

[0026] this invention originates in having found out that an electron and a lithium ion mixed 
conductor were obtained by mixing and heating a transition-metals sulfide to two or more 
sulfides which contain at least a kind of sulfide chosen from a sulfuration lithium and sulfuration 
silicon, sulfuration boron, a phosphorus sulfide, a germanium sulfide, or an aluminum sulfate, and 
compounding it to them. 

[0027] It is known that a solid electrolyte will be compounded with two or more sulfides which 
contain at least a kind of sulfide chosen from a sulfuration lithium and sulfuration silicon, 
sulfuration boron, a phosphorus sulfide, a germanium sulfide, or an aluminum sulfate. As a 
concrete example, the solid electrolyte which made a sulfuration lithium and sulfuration silicon 
the subject is explained. This solid electrolyte mixes sulfuration silicon with a sulfuration lithium 
to a certain stoichiometry, and it is compounded by heating and fusing mixture under an inert 
atmosphere. Especially, the solid electrolyte which has high lithium conductivity is compounded 
by performing and making super— quenching amorphous from a melting state. A glass skeleton is 
formed with a sulfur atom and a silicon atom, and the solid electrolyte made amorphous is 
carrying out structure which -S-Li combination which makes this glass skeleton discover lithium 
ion conductivity gave. Formation of such a glass skeleton can be formed when sulfuration boron, 
a phosphorus sulfide, a germanium sulfide, an aluminum sulfate, etc. are used other than 
sulfuration silicon. The ionic conductivity of this kind of solid electrolyte has the bonding 
strength of this lithium ion conduction structure— S— Li, and correlation, and can reduce this 
bonding strength by performing amorphous-ization. Consequently, the high ion conductivity of 10 
to 4 or more S/cm is obtained in the state of bulk in the state of 10 to 3 or more S/ cm, and fine 
particles. The electronic-conduction nature of this solid electrolyte is low, and is 1 0 to 8 or less 
S/ cm. 

[0028] In this invention, the transition-metals sulfide by which an empirical formula is expressed 
with MeSx (metallic element to which Me makes a subject one kind or two or more sorts of 
transition-metals elements) to such solid electrolyte raw material was mixed, and it found out 
that the mixed conductor which has electronic-conduction nature was obtained in addition to 
lithium ion conductivity heating, melting, and by compounding. 

[0029] As for artificers, in addition to lithium ion conductivity, this compound has imagined it as 
what electronic - conduction nature has discovered by incorporating the transition— metals sulfide 
which has electronic— conduction nature into this structure, or distributing, without this 
phenomenon spoiling the lithium ion conduction structure which the solid electrolyte had 
originally. 

[0030] This electron and lithium ion mixed conductor mix two or more sulfides and transition- 
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metals sulfides which contain at least a kind of sulfide chosen as a sulfuration lithium row from 
sulfuration silicon, sulfuration boron, a phosphorus sulfide, a germanium sulfide, or an aluminum 
sulfate, and after it heats it and it fuses, it can compound them by super-quenching the melt. At 
this time, especially the thing of a mixed conductor made amorphous from the high ionic 
conductivity of about 10-4 to 10 to 3 S/cm being obtained is desirable. 

[0031] It considers as the method of super-quenching a melt, and methods, such as water 
cooling (a cooling rate 101-102 K/s), liquid nitrogen quenching (103 - 104 K/s), congruence 
roller quenching (106 - 108 K/s), and Sprat quenching (108 - 1010 K/s), are mentioned. 

[0032] Although amorphous-ization will become difficult if a sulfuration lithium ratio is generally 
high, when a mixed conductor contains sulfuration silicon, amorphous-ization becomes easy from 
a bird clapper that it is easy to form a low thing and a glass skeletal structure, and the vapor 
pressure can raise a sulfuration lithium ratio. Consequently, especially since the mixed conductor 
which has the high ionic conductivity of 10 to 3 or more S/cm since a lithium ion conduction 
structure-S-Li ratio can be raised is compoundable, it is desirable. 

[0033] As a transition-metals sulfide which gives such electronic-conduction nature, TiSx of TiS, 
Ti2S3, TiS2 and TiS3, Ti4S5. Ti3 S4, and Ti3S5 grade, VSx of V2S2, V2S3, VS3 and VS4, and 
VS5 grade, CrS, Cr7S8, Cr5S6, Cr3 S4, Cr2S3, CrSx of Cr5S8 grade, FeSx of MnSx of MnS and 
MnS2 grade, FeS, Fe2S3, Fe3 S4, and FeS2 grade, CoSx of Co4S3, Co9S8, CoS, Co3 S4, and 
CoS2 grade, NiSx(es), such as nickel2S, nickel3S2, nickel6S5, nickel7S6, NiS, nickel3 S4, and 
NiS2, MoSx of NbSx(es), such as ZrSx of Zr2S, ZrS, ZrS1.5 and ZrS2, and ZrS3 grade, Nb2S, 

NbS, Nb2S3, and Nb3 S4, Mo2S3, MoS2, Mo2S5, and MoS3 grade etc. is mentioned. 

[0034] Moreover, the same effect is acquired when other transition-metals sulfides, such as 
actinoids sulfides, such as lanthanoids sulfides, such as ScSx, YSx, HfSx, TaSx, WSx, TcSx, 

ReSx, RuSx, RhSx, PdSx, OsSx, IrSx, PtSx or LaSx, and CeSx, AcSx, and ThSx, are used. 

[0035] Moreover, a transition— metals sulfide can be distributed in a solid electrolyte by adding a 
transition-metals sulfide to what made two or more sulfides which contain at least a kind of 
sulfide chosen from the group which becomes a sulfuration lithium row from sulfuration silicon, 
sulfuration boron, a phosphorus sulfide, a germanium sulfide, or an aluminum sulfate the shape of 
heating and a melt, and super-quenching this melt to it. This dispersing element has the property 
of both a solid electrolyte and a transition— metals sulfide. That is, it has lithium ion conductivity 
and electronic-conduction nature, and it is possible to act as an electron and a lithium ion mixed 
conductor. 

[0036] As a transition— metals sulfide which gives such electronic— conduction nature, TiSx of TiS, 
Ti2S3, TiS2 and TiS3, Ti4S5, Ti3 S4, and Ti3S5 grade, VSx of V2S2, V2S3, VS3 and VS4, and 
VS5 grade, CrS, Cr7S8, Cr5S6, Cr3 S4, Cr2S3, CrSx of Cr5S8 grade, FeSx of MnSx of MnS and 
MnS2 grade, FeS, Fe2S3, Fe3 S4, and FeS2 grade, CoSx of Co4S3, Co9S8, CoS, Co3 S4, and 
CoS2 grade, NiSx(es), such as nickel2S, nickel3S2, nickel6S5, nickel7S6, NiS, nickel3 S4, and 
NiS2, MoSx of NbSx(es), such as ZrSx of Zr2S, ZrS, ZrS1.5 and ZrS2, and ZrS3 grade, Nb2S, 

NbS, Nb2S3, and Nb3 S4, Mo2S3, MoS2, Mo2S5, and MoS3 grade etc. is mentioned. 

[0037] Moreover, the same effect is acquired when other transition-metals sulfides, such as 
actinoids sulfides, such as lanthanoids sulfides, such as ScSx, YSx, HfSx, TaSx, WSx, TcSx, 

ReSx, RuSx, RhSx, PdSx, OsSx, IrSx, PtSx or LaSx, and CeSx, AcSx, and ThSx, are used. 

[0038] Since amorphous-ization becomes easy from a bird clapper that it is easy to form that 
the vapor pressure of sulfuration silicon is low, and a glass skeletal structure when sulfuration 
silicon is included as two or more sulfides at this time, the mixed ratio of a sulfuration lithium or 
a transition-metals sulfide can be raised. Consequently, since the ionic conductivity or the 
degree of electronic conduction of a dispersing element made amorphous can be raised, it is 
especially desirable. 

[0039] When this variational method is used, a dispersing element can constitute the electrode 
which made the dispersed transition— metals sulfide the active material from the physical 
properties of a transition-metals sulfide being shown. 

[0040] general — the electrode of all solid state batteries — particle— like a solid electrolyte and 
an active material — mixture — pressing is carried out and it produces Since a solid electrolyte 
and an electrode active material serve as a point contact of particles at this time, internal 
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impedance will become high. On the other hand, in the electrode using the above-mentioned 
variational method, since field contact is formed between an electrode active material and a solid 
electrolyte, all the small solid state batteries of internal impedance are producible. 

[0041] Moreover, to the electrode of all solid state batteries, the electronic electric conduction 
agent for forming the solid electrolyte and electronic-conduction way for forming an ionic 
conduction way in addition to an electrode active material is mixed, and it is constituted. 

However, although it must exist simultaneous [ three an electrode active material, an electronic- 
conduction way, and ionic conduction ways ] in order for electrochemical reaction to arise, in all 
solid state batteries, all the material that has these functions is solid-states, therefore especially 
the thing for which such a reaction interface is formed is difficult on the other hand, since 
formation of the electrochemical reaction interface within an electrode is markedly alike in order 
that this mixed conductor may form simultaneously both an electronic-conduction way and an 
ionic conduction way and it will become easy when the above-mentioned mixed conductor is 
used for one [ at least ] electrode of all solid state batteries, an active material utilization factor 
is high and can constitute all the solid-state lithium secondary batteries that have the low of 
internal impedance, and the outstanding cell property 
[0042] 

[Example] (Example 1) In this example, it compounded using Li2S, and SiS2 and TiS2 as raw 
material of an electron and a lithium ion mixed conductor, and investigated about the electrical 
conductivity. The synthesis method of an electron and a lithium ion mixed conductor is shown 
below. 

[0043] Li2S, and SiS2 and TiS2 were mixed to the mole ratio 50:35:15, the mixture was put in 
into the glassy-carbon crucible, it heated at 1000 degrees C among the argon air current, and 
mixture was made into the melting state. It compounded by super-quenching a melt by the 
congruence roller method after heating of 2 hours. The compost presupposed that it is powdered 
using the mortar, and measurement was presented with it. 

[0044] First, it investigated about the degree of electronic conduction of this compost. The 
measuring method is shown below. Pellet fabrication of the 200mg of the composts was carried 
out by press ** of 3ton(s) within the cylinder pipe with a diameter of 10mm at the thickness of 
about 1.0mm, Pt electrode was allotted to the ends side as an ion blocking electrode, and the 
measurement cell was constituted. The direct current was passed in the measurement cell, the 
voltage between pellets was measured, and the degree of electronic conduction of a compost 
was measured. Consequently, it turns out that this compound has the degree of electronic 
conduction of 3.3x10-2 S/cm. 

[0045] Next, it investigated about the ionic conductivity of a compost. In this measurement, it 
measured using the lithium ion conductivity solid electrolyte expressed with 0.6Li2S-0.4SiS2 as a 
solid electrolyte which blocks the electron current. 

[0046] The synthetic method is shown below. Li2S and SiS2 were mixed to the mole ratio 60:40, 
the mixture was put in into the glassy-carbon crucible, it heated at 1000 degrees C among the 
argon air current, and mixture was made into the melting state. The melt was super-quenched by 
the congruence roller method after heating of 2 hours, and the lithium ion conductivity solid 
electrolyte expressed with 0.6Li2S-0.4SiS2 was obtained. This solid electrolyte was made 
powdered using the mortar. Pellet fabrication of the 200mg of the composts was carried out for 
this powder by press ** of 3ton(s) within the cylinder pipe with a diameter of 10mm at the 
thickness of about 1.0mm, the measurement cell was constituted, and ionic conductivity was 
measured by the alternating current impedance method. Consequently, it turns out that it is 
2.2x10-4 S/cm. 

[0047] The ionic conductivity measuring method of the compost of this invention using this 
lithium ion conductivity solid electrolyte is shown below. Pellet fabrication of the 200mg of the 
composts was carried out by press ** of 3ton(s) within the cylinder pipe with a diameter of 
10mm at the thickness of about 1.0mm. Pellet fabrication of the above-mentioned solid 
electrolyte was carried out like [ at a time ] 50mg, and the three-layer pellet was formed in the 
ends. Li foil was arranged on the ends side of a three-layer pellet, and the measurement cell was 
constituted. The direct current was passed in the measurement cell, the voltage between pellets 
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was measured by 4 terminal method, and the ionic conductivity of a compost was investigated. 
Consequently, it turns out that this compound has the ionic conductivity of 4.2x10-4 S/ cm. 

[0048] (Example 2) As raw material of an electron and a lithium ion mixed conductor, except 
having made Li2S, and SiS2 and TiS2 into the mole ratio 55:30:15, it compounded like the 
example 1 and measured in this example using the same lithium ion conductivity solid electrolyte. 
Consequently, it turns out that the degree of electronic conduction of this compost is 3.1x10-2 
S/cm, and ionic conductivity is 5.1x10-4 S/cm. 

[0049] (Example 3) In this example, it experimented by the same method using the same lithium 
ion conductivity solid electrolyte as an example 1 except having compounded, using Lil, Li2S, and 
SiS2 and TiS2 as raw material of an electron and a lithium ion mixed conductor. The synthesis 
method of an electron and a lithium ion mixed conductor is shown below. 

[0050] Lil, Li2S, and SiS2 and TiS2 were mixed to the mole ratio 35:30:20:15, the mixture was put 
in into the glassy— carbon crucible, it heated at 1000 degrees C among the argon air current, and 
mixture was made into the melting state. It compounded by super-quenching a melt by the 
congruence roller method after heating of 2 hours. The compost presupposed that it is powdered 
using the mortar, and measurement was presented with it. 

[0051] The electrical conductivity of a powdered compost was investigated by the same method 
as an example 1 . Consequently, it turns out that the degree of electronic conduction of this 
compost is 2.1x10-2 S/cm, and ionic conductivity is 4.6x10-4 S/cm. 

[0052] (Example 4) In this example, it experimented by the same method using the same lithium 
ion conductivity solid electrolyte as an example 1 except having compounded, using Li2S, P2S5, 
and TiS2 as raw material of an electron and a lithium ion mixed conductor. The synthesis method 
of an electron and a lithium ion mixed conductor is shown below. 

[0053] Li2S, P2S5, and TiS2 were mixed to the mole ratio 57:28:15, this mixture was enclosed 
into the quartz tube, and it compounded by dropping a quartz tube underwater and quenching it 
after melting, at 900 degrees C. The compost presupposed that it is powdered using the mortar, 
and measurement was presented with it. 

[0054] The electrical conductivity of a powdered compost was investigated by the same method 
as an example 1. Consequently, it turns out that the degree of electronic conduction of this 
compost is 1.8x10-2 S/cm, and ionic conductivity is 1.1x10-4 S/cm. 

[0055] (Example 5) In this example, the same experiment as an example 1 was conducted except 
having compounded, using Li2S and B— 2s S3 and TiS2 as raw material of*an electron and a 
lithium ion mixed conductor. A synthesis method is shown below. 

[0056] Li2S and B-2s S3 and TiS2 were mixed to the mole ratio 43:43:15, this mixture was 
enclosed into the quartz tube, and it compounded by dropping a quartz tube underwater and 
quenching it after melting, at 900 degrees C. The compost presupposed that it is powdered using 
the mortar, and measurement was presented with it. 

[0057] The electrical conductivity of a powdered compost was investigated by the same method 
as an example 1. Consequently, it turns out that the degree of electronic conduction of this 
compost is 1.9x10-2 S/cm, and ionic conductivity is 1.8x10-4 S/cm. 

[0058] (Example 6) In this example, the same experiment as an example 1 was conducted except 
having compounded, using Li2S, and GeS2 and TiS2 as raw material of an electron and a lithium 
ion mixed conductor. A synthesis method is shown below. 

[0059] Li2S, and GeS2 and TiS2 were mixed to the mole ratio 43:43:15, this mixture was 
enclosed into the quartz tube, and it compounded by dropping a quartz tube underwater and 
quenching it after melting, at 900 degrees C. The compost presupposed that it is powdered using 
the mortar, and measurement was presented with it. 

[0060] The electrical conductivity of a powdered compost was investigated by the same method 
as an example 1. Consequently, it turns out that the degree of electronic conduction of this 
compost is 1.6x10-2 S/cm, and ionic conductivity is 1.1x10-4 S/cm. 

[0061] (Example 7) In this example, the same experiment as an example 1 was conducted except 
having compounded, using Li2S, aluminum2S3, and SiS2 and TiS2 as raw material of an electron 
and a lithium ion mixed conductor. A synthesis method is shown below. 

[0062] Li2S, aluminum2S3, and SiS2 and TiS2 were mixed to the mole ratio 50:90:26:15, the 
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mixture was put in into the glassy-carbon crucible, it heated at 1000 degrees C among the argon 
air current, and mixture was made into the melting state. It compounded by super-quenching a 
melt by the congruence roller method after heating of 2 hours. The compost presupposed that it 
is powdered using the mortar, and measurement was presented with it 

[0063] The electrical conductivity of a powdered compost was investigated by the same method 
as an example 1. Consequently, it turns out that the degree of electronic conduction of this 
compost is 1.8x10-2 S/cm, and ionic conductivity is 1.3x10-4 S/cm. 

[0064] (Example 8) In this example, it replaced with TiS2 used in the example 1 as raw material 
of an electron and a lithium ion mixed conductor, and except having used Ti2S3, V2S3, Cr2S3, 
MnS2, FeS2, CoS2 and NiS, Zr2S3, Nb2S3, and Mo2S3 as a transition-metals sulfide, it 
experimented by the same method as an example 1 , and investigated about the electrical 
conductivity of each compound. 

[0065] The synthetic method of a compound is shown below. The above— mentioned transition- 
metals sulfide (MeSx shows henceforth), Li2S, and SiS2 were mixed to the mole ratio of Li2 
S:SiS2:MeSx=50:35:1 5, the mixture was put in into the glassy-carbon crucible, it heated at 1000 
degrees C among the argon air current, and mixture was made into the melting state. It 
compounded by super-quenching a melt by the congruence roller method after heating of 2 
hours. The compost presupposed that it is powdered using the mortar, and measurement was 
presented with it. 

[0066] The electrical conductivity of these powdered composts was measured by the same 
method using the same lithium ion conductivity solid electrolyte as an example 1. 

[0067] The ionic conductivity and the degree of electronic conduction which were obtained by 
measurement are shown in Table 1. 



[0068] 
[Table 1] 


L^iMeS, 


4 






<r e (S/cm) 


a , (S/cm) 


Ti 2 S 3 


1.2X10 -2 


3. 6 X 10" 4 


v 2 s. 


1. L X 10^ 


2. 3 X 10' 4 


Cr 2 S 3 , 4 


1. 8 X 10 3 


2. 6 X 10‘ 4 


MnS 


1.0X10" 3 


2. 2 X 10' 4 


FeS 2 


9. 7 X 10' 3 


3. 7 X 10' 4 


CoS 2 


6.2X10^ 


4. 2 X 10* 4 


NiS 


7. L X 10 -2 


3. 5 X 10" 4 


Zr 2 S 3 


8. 2X10* 3 


3. 1 X 10 -4 


Nb 2 Sj 


1.0X10* 2 


3. 2 X 1U' 4 


Mo 2 Sj 


8. 2X 10' 4 


2. 1 X 10~ 4 



[0069] From the above result, this invention showed that an electron and a lithium ion mixed 
conductor were obtained. 

[0070] (Example 9) In this example, the solid electrolyte of a melting state was made to add and 
distribute a transition-metals sulfide, and the electrical conductivity of the compound made 
amorphous was investigated. The synthetic method is shown below. 

[0071] Li2S and SiS2 were mixed to the mole ratio 60:40, the mixture was put in into the glassy- 
carbon crucible, it heated at 1000 degrees C among the argon air current, and mixture was made 
into the melting state. 30wt(s)% TiS2 was added and it was made to distribute to this melt after 
heating of 2 hours. This melt was super-quenched by the congruence roller method, and the 
amorphous compound was obtained. 

[0072] The mortar ground this compound and electrical conductivity was investigated for what 
was made powdered by the same method as an example 1. Consequently, it turns out that the 
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degree of electronic conduction of this compost is 2.5x10-2 S/cm, and ionic conductivity is 
4.2x10-4 S/cm. 

[0073] According to this invention, this showed that this dispersing element worked as an 
electron and a lithium ion mixed conductor by making a melt-like solid electrolyte distribute a 
transition-metals sulfide. 

[0074] (Example 10) In this example, it investigated about the cell property at the time of using 
for formation of the electronic-conduction way and ionic conduction way in a positive electrode 
the electron and lithium ion mixed conductor compounded in the example 2 as a positive active 
material, using In as LiCo02 and a negative-electrode active material. 

[0075] the weight ratio of LiCoO 2 and 40:60 after an electron and a lithium ion mixed conductor 
compounding by the same method as an example 2 and considering as the shape of fine particles 
using a mortar — mixing — a positive electrode — it considered as the mixture 
[0076] The solid electrolyte used the amorphous lithium ion solid electrolyte expressed with 
0.01 Li3PO4-0.63Li2S-0.36SiS2. The synthetic method of this solid electrolyte is shown below. 
[0077] Li3P04, Li2S, and SiS2 were mixed to the mole ratio 1:63:36, the mixture was put in into 
the glassy-carbon crucible, it heated at 1000 degrees C among the argon air current, and 
mixture was made into the melting state. The melt was super-quenched by the congruence roller 
method after heating of 2 hours, and the lithium ion conductivity solid electrolyte expressed with 
0.01Li3P04-0.63Li2S-0.36SiS2 was obtained. The mortar ground the solid electrolyte and it 
presupposed that it is powdered. 

[0078] Next, the production method of an examination cell is shown using the cross section of 
the coin type all solid-state lithium secondary battery of drawing 1 . a positive electrode — 
215mg of mixtures, 40mg of solid electrolytes, and the phi= 9mm three-layer pellet that consists 
of a positive electrode 1, a solid electrolyte 2, and a negative electrode 3 by carrying out 
pressing of the In95mg to order were formed, the formed three— layer pellet was put in in the coin 
case 4 made from stainless steel of R1225 size, it obturated with the obturation board 6 through 
the gasket 5, and the coin type all solid-state lithium secondary battery was produced 
[0079] moreover, a comparison sake — a positive electrode — the coin type all solid-state 
lithium secondary battery was produced by the same method using what mixed acetylene black 
for the mixture by the ratio of 39:59:2 as the above-mentioned solid electrolyte, and LiCo02 and 
an electronic electric conduction agent 

[0080] It performed charge and discharge each for the produced this invention and three 
comparative coin type all solid-state lithium secondary batteries by operating current value 
150microA, upper limit voltage 3.7V, and minimum voltage 2.5V. The result which investigated 
service capacity and the internal impedance at the time of charge is shown in Table 2. In 
addition, measurement of internal impedance used the alternating current impedance method. 
[0081] 




[0082] consequently, a positive electrode — by using the electron and lithium ion mixed 
conductor of this invention for a mixture, service capacity increased about 25% and internal 
impedance fell about 70% 

[0083] As mentioned above, according to this invention, it turns out that the lithium secondary 
battery which has the outstanding cell property can be constituted. 

(Example 11) In this example, except having used LiNi02 as a positive active material, the same 
experiment as an example 10 was conducted, and it investigated about the cell property. 
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[0084] the weight ratio of LiNiO 2 and 40:60 after an electron and a lithium ion mixed conductor 
compounding by the same method as an example 2 and considering as the shape of fine particles 
using a mortar — mixing — a positive electrode — it considered as the mixture 
[0085] The solid electrolyte used the amorphous lithium ion solid electrolyte expressed with 
0.01Li3P04-0.63Li2S-0.36SiS2 like the example 10. 

[0086] Next, the production method of an examination cell is shown, a positive electrode — by 
carrying out pressing of 215mg of mixtures, 40mg of solid electrolytes, and the In95mg to order, 
the phi= 9mm three-layer pellet was formed, the formed three-layer pellet was put in in the coin 
case made from stainless steel of R1225 size, and was obturated, and the coin type all solid- 
state lithium secondary battery was produced 

[0087] moreover, a comparison sake — a positive electrode — the coin type all solid-state 
lithium secondary battery was produced by the same method using what mixed acetylene black 
for the mixture by the ratio of 39:59:2 as the above-mentioned solid electrolyte, and LiNi02 and 
an electronic electric conduction agent 

[0088] It performed charge and discharge each for the produced this invention and three 
comparative coin type all solid-state lithium secondary batteries by operating current value 
150microA, upper limit voltage 3.4V, and minimum voltage 2.5V. The result which investigated 
service capacity and the internal impedance at the time of charge is shown in Table 3. In 
addition, measurement of internal impedance used the alternating current impedance method. 
[0089] 

[Table 3] 



HH 


*38 W <o4k Piff V * * A - m 






m&mm. 

(mAh) 


-T yt’- 
(£2) 


(mAh) 


(O) 


l 


7. 64 


780 


6. 11 


1911 


2 


7. 44 


821 


6. 21 


1851 


3 


7.71 


751 


5. 97 


2042 



[0090] consequently, a positive electrode — by using the electron and lithium ion mixed 
conductor of this invention for a mixture, service capacity increased about 25% and internal 
impedance fell about 60% 

[0091] As mentioned above, according to this invention, it turns out that the lithium secondary 
battery which has the outstanding cell property can be constituted. 

[0092] (Example 12) In this example, except having used LiMn 204 as a positive active material, 
the same experiment as an example 10 was conducted, and it investigated about the cell 
property. 

[0093] LiMn20 after an electron and a lithium ion mixed conductor compounding by the same 
method as an example 2 and considering as the shape of fine particles using a mortar — the 
weight ratio of 4 and 40:60 — mixing — a positive electrode — it considered as the mixture 
[0094] The solid electrolyte used the amorphous lithium ion solid electrolyte expressed with 
0.01 Li3PO4-0.63Li2S-0.36SiS2 like the example 10. 

[0095] Next, the production method of an examination cell is shown, a positive electrode — by 
carrying out pressing of 215mg of mixtures, 40mg of solid electrolytes, and the In95mg to order, 
the three-layer pellet with a diameter of 9mm was formed, the formed three-layer pellet was put 
in in the coin case made from stainless steel of R1225 size, and was obturated, and the coin 
type all solid-state lithium secondary battery was produced 

[0096] moreover, a comparison sake — a positive electrode — the coin type all solid-state 
lithium secondary battery was produced by the same method using what mixed acetylene black 
for the mixture by the ratio of 39:59:2 as the above-mentioned solid electrolyte, LiMn 204, and 
an electronic electric conduction agent 

[0097] It performed charge and discharge each for the produced this invention and three 
comparative coin type all solid-state lithium secondary batteries by operating current value 
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150microA, upper limit voltage 3.8V, and minimum voltage 2.5V. The result which investigated 
service capacity and the internal impedance at the time of charge is shown in Table 4. In 
addition, measurement of internal impedance used the alternating current impedance method. 



[0098] 
[Table 4] 
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4.72 
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6. 15 




4.91 
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4.93 
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[0099] consequently, a positive electrode — by using the electron and lithium ion mixed 
conductor of this invention for a mixture, service capacity increased about 30% and internal 
impedance fell about 70% 

[0100] As mentioned above, according to this invention, it turns out that the lithium secondary 
battery which has the outstanding cell property can be constituted. 

[0101] (Example 13) In this example, except having used electron and lithium ion mixed 
conductor Li2 S:SiS2:FeS 2= 50:35:15 using FeS2 explained in the example 8, the coin type all 
solid state battery was produced by the same method as an example 10, and the cell property 
was investigated. Moreover, the comparative coin type all solid-state lithium secondary battery 
used in the example 10 was used for comparison. 

[0102] It performed charge and discharge each for the produced this invention and three 
comparative coin type all solid-state lithium secondary batteries by operating current value 
1 50microA, upper limit voltage 3.7V, and minimum voltage 2.5V. The result which investigated 
service capacity and the internal impedance at the time of charge is shown in Table 5. In 
addition, measurement of internal impedance used the alternating current impedance method. 
[0103] 

[Table 5] 





v * +? -a - 
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1 


7. 25 
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7. 45 
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6. 02 
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[0104] consequently, a positive electrode — by using the electron and lithium ion mixed 
conductor of this invention for a mixture, service capacity increased about 25% and internal 
impedance fell about 70% 

[0105] As mentioned above, according to this invention, it turns out that the lithium secondary 
battery which has the outstanding cell property can be constituted. 

[0106] (Example 14) In this example, it investigated about the cell property at the time of using 
for a negative electrode the dispersing element explained in the example 9. 

[0107] The production method of a negative electrode is shown. Li2S and SiS2 were mixed to 
the mole ratio of 60:40, the mixture was put in into the glassy-carbon crucible, it heated at 1000 
degrees C among the argon air current, and mixture was made into the melting state. After 
adding TiS2 powder by the 40wt(s)% weight ratio after heating of 2 hours, and in a melt, it 
compounded by supei — quenching by the congruence roller method, a compost is powdered using 
a mortar — carrying out — a negative electrode it considered as the mixture 
[0108] The solid electrolyte used the amorphous lithium ion solid electrolyte expressed with the 
same 0.01Li3P04-0.63Li2S-0.36SiS2 as an example 10. 
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[0109] What mixed acetylene black by the ratio of 39:59:2 as a solid electrolyte, and LiCo02 and 
an electronic electric conduction agent was used for the positive electrode. 

[0110] Next, the production method of an examination cell is shown, a positive electrode — 
130mg of mixtures, 40mg of solid electrolytes, and a negative electrode — by carrying out 
pressing of the 1 1 0mg of the mixtures to order, the three-layer pellet with a diameter of 9mm 
was formed, the formed three-layer pellet was put in in the coin case made from stainless steel 
of R1225 size, and was obturated, and the coin type all solid-state lithium secondary battery was 
produced 

[0111] moreover, the thing which mixed TiS2 with the solid electrolyte by the weight ratio of 
60:40 for comparison — a negative electrode — it considered as the mixture and the coin type 
all solid state battery was produced by the same method 

[0112] The operating current value performed charge and discharge each for the produced this 
invention and three comparative coin type all solid-state lithium secondary batteries by 
150microA, upper limit voltage 2.3V, and minimum voltage 0.5V. The result which investigated 
service capacity and the internal impedance at the time of charge is shown in Table 6. In 
addition, measurement of internal impedance used the alternating current impedance method. 
[0113] 

[Table 6] 
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[0114] Consequently, by using the transition-metals sulfide distribution method of this invention 
for a cell electrode, service capacity increased about 35% and internal impedance fell about 30%. 
[0115] As mentioned above, according to this invention, it turns out that the lithium secondary 
battery which has the outstanding cell property can be constituted. 

[0116] In the example of this invention in addition, as an electron and a lithium ion mixed 
conductor 0.15TiS2-0.5Li2S-0.35SiS2, 0.15TiS2-0.55Li2S-0.3SiS2. 0.15TiS2-0.35Lil-0.30Li2S- 
0.20SiS2, 0.15TiS2-0.57Li2S-0.28P2S5, 0.16TiS(s)2-0.42Li2S-0.42 B-2 S3, 0.15Ti2S3-0.5Li2S- 
0.35SiS2, 0.15V2S3-0.5Li2S-0.35SiS2, 0.15Cr2S3-0.5Li2S-0.35SiS2, Although explained using 
0.15MnS2-0.5Li2S-0.35SiS2, 0.15FeS2-0.5Li2S-0.35SiS2, 0.15Co3 S4-0.5Li2S-0.35SiS2, and 
0.15nickel3 S4-0.5Li2S-0.35SiS2 The thing containing other sulfides which did not explain in the 
examples, such as that from which each component ratio differed, the thing containing two or 
more sorts of transition-metals sulfides, MeSx-Li2 S-GeS2, and MeSx~Li2 S~aluminum2S3 The 
thing containing other lithium halides, such as MeSx-LiCI-Li2 S-SiS2 and MeSx-LiBrH_i2 S- 
P2S5 Moreover, it cannot be overemphasized that a result with the same said of the compound 
which did not explain in the examples [, such as a thing of a pseudo-5 yuan system, ], such as 
MeSx-LiI-Li2 S-SiS2-P2S5 and MeSx-LiI-Li3P04-Li2 S-SiS2, is obtained, this invention is not 
limited to what explained in these examples as an electron and a lithium ion mixed conductor. 

[01 1 7] Moreover, although the example explained as the method of amorphous-izing of a mixed 
conductor using the congruence roller or the super— quenching method by underwater dropping It 
cannot be overemphasized that the same effect is acquired when amorphous-ization is 
performed by the method of others which did not explain in this examples, such as liquid nitrogen 
quenching or Sprat quenching, this invention is not limited to what explained in these examples 
as a synthesis method of an electron and a lithium ion mixed conductor. 

[0118] Moreover, in the example of this invention, although explained using 0.01U3P04- 
0.63Li2S-0.36SiS2 as a solid electrolyte The thing containing other sulfides which did not explain 
in the examples, such as that from which each component ratio of a solid electrolyte differed, Li2 
S-P2S5, U2S-B2S3, and Li2 S-GeS2 The thing containing other lithium halides, such as LiCl— Li2 
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S-SiS2 and LiBr-Li2 S-P2S5 Moreover, it cannot be overemphasized that the same result is 
obtained when other lithium ion conductivity solid electrolytes which did not explain in the 
examples [, such as a thing of a pseudo-4 yuan system, ], such as Lil— Li2 S-SiS2-P2S5 and Lil- 
Li3P04-Li2 S~SiS2, are used, this invention is not limited to what explained in these examples 
as a solid electrolyte used for a lithium secondary battery. 

[0119] Moreover, in this example, although explained by using LixCo02, LixNi02, and LixMn 204 
as a positive active material, and using In and TiS2 as a negative-electrode active material, when 
the electrode active material used with a lithium cell besides the above-mentioned active 
material is used, to say nothing of the same effect being acquired, this invention is not limited to 
the electrode active material which explained in these examples. 

[0120] moreover, the lithium secondary battery which explained by this example — setting — a 
positive electrode — as a mixture — the mixing ratio of a mixed conductor and a positive active 
material a rate the thing of 40:60, 30:70, and 20:80 a negative electrode — as a mixture — 
the mixing ratio of a mixed conductor and a negative-electrode active material, although the rate 
explained using the thing of the mixing ratio of 60:40 the mixture which was not explained in the 
example a mixing ratio to say nothing of an effect being similarly acquired in a rate, this 
invention is not limited to the mixing ratio which explained in these examples 
[0121] Moreover, although this example explained as the distributed method of a transition- 
metals sulfide by using 0.6Li2S~0.4SiS2 as a dispersion medium, and using TiS2 as a transition- 
metals sulfide The thing containing other sulfides which did not explain in the examples, such as 
that from which each component ratio of a solid electrolyte differed as a dispersion medium, Li2 
S-P2S5, U2S-B2S3, and Li2 S-GeS2 The thing containing other lithium halides, such as LiCI— Li2 
S-SiS2 and LiBr-Li2 S-P2S5 Moreover, when other lithium ion conductivity solid electrolytes 
which did not explain in the examples [, such as a thing of a pseudo-4 yuan system, ], such as 
Lil I_i2 S— SiS2— P2S5 and LiI _ Li3P04— Li2 S— SiS2, are used, it also sets. As a transition— metals 
sulfide, moreover, TiSx of TiS, Ti2S3, TiS2 and TiS3, Ti4S5, Ti3 S4, and Ti3S5 grade, VSx of 
V2S2, V2S3, VS3 and VS4, and VS5 grade, CrS, Cr7S8, Cr5S6, Cr3 S4, Cr2S3, CrSx of Cr5S8 
grade, FeSx of MnSx of MnS and MnS2 grade, FeS, Fe2S3, Fe3 S4, and FeS2 grade, CoSx of 
Co4S3, Co9S8, CoS, Co3 S4, and CoS2 grade, NiSx(es), such as nickel2S, nickel3S2, nickel6S5, 
nickel7S6, NiS, nickel3 S4, and NiS2, Zr2S, ZrS, ZrS1.5 and ZrS2, ZrSx of ZrS3 grade, NbSx(es), 
such as Nb2S, NbS, Nb2S3, and Nb3 S4, Mo2S3, MoS2, Mo2S5, MoSx of MoS3 grade, Or ScSx, 
YSx, HfSx, TaSx, WSx, TcSx, ReSx, RuSx, RhSx, PdSx, OsSx, IrSx, PtSx,> Or lanthanoids sulfides, 
such as LaSx and CeSx, AcSx, It cannot be overemphasized that the same result is obtained 
when other transition— metals sulfides which did not explain in the example, such as actinoids 
sulfides, such as ThSx, are used, this invention is not limited to what explained in these examples 
as a solid electrolyte used for a lithium secondary battery. 

[0122] Furthermore, also in the cell of not only a coin cell but a cylindrical shape and a square 
shape, the same effect is acquired also about the gestalt of a cell. 

[0123] 

[Effect of the Invention] As mentioned above, an electron and a lithium ion mixed conductor can 
be obtained from the raw material which made the subject two or more sulfides containing a 
transition-metals sulfide and a sulfuration lithium. Moreover, the lithium secondary battery which 
has the outstanding cell property can be constituted by using this mixed conductor for one [ at 
least ] electrode of all solid-state lithium cells. Moreover, an electron and a lithium ion mixed 
conductor can be obtained by making the solid electrolyte which made the subject two or more 
sulfides containing a sulfuration lithium distribute a transition-metals sulfide. Thus, by using the 
obtained dispersing element for an electrode, the lithium secondary battery which has the 
outstanding cell property can be constituted. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing of longitudinal section of a coin type examination cell 
[Description of Notations] 

1 Positive Electrode 

2 Solid Electrolyte 

3 Negative Electrode 

4 Coin Case 

5 Gasket 

6 Obturation Board 
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M^Me S. (Mef41«lS£fcf4 

w$cMcom&&m7zM&±#ti-5i&m7im) xmzti 

it®) b fiftte ]) *f- V l±5o «t U%-fL3£lfi, ffiik 
MM, 0Ut’J >, ?£>.&>& \,'i iffilbT/w? 

-t’A.fabteZmX '9Ml-£tiZ'J>?£< b t>— m.<r>m.\YM 
*-stsmk<nmv>to*±#-b 
tizzbz&mb-rzm* • %-a-fcm 

mmm2] m * • io 
ft-fes zbzw&b-? zmxm i ferity- • yy"? 

[f»^:353] S.X^ixSig^&mffi 

ffcfed 5 . T i, V. Cr, Mn. Fe. Co. Ni. Z 
r . <3 iSl44t5'>7e < b 

t> — i&'atrzb&ftmb-t-zmxmisEmcDm?- ■ y 

#js i i 2® w >® y - • 

[f»3fcJS5] a^MeS. (Me 14 l«S£7cf4 20 
&&9com&&ffi7£M$:£.fcb1-Z>&m7GM) X-MZti 
5 M&&1 WAittfote J: tfBfElt !lf»4 ^ra tfltlfccDgtfb 
^±#T'fc5®^&?££i]iggl OK/sWi-C*^ 

s®^ • y 

js-g-e^^w-g-BEfc 

[t*#Ji6] mity 

b ^tzm>i}m'mtmm*t;tszb*w&birz>mi&i$. 

5 tzmcom* • y ^ ? Ay 

im^m7] mity ^^£,ax.ximitMM, mtm 

SfHtyv. 5ft'(by'/^=^Afc^)V'i4ift'ft;T/W5= 30 

S^MeSr (Me<4iaMSfcl4^»«0®^JS5n 

t-tzzb&ftmb-rzm?-- y^ 

* Ay 

[lf3ft]S8] a^iC^Me Sxt-t$tl51MllS 
{ tMifi, Ti. V. Cr, Mn. Fe. Co. Ni. Z 
r. Nbfo5b'f4Mo^^/ t c5S¥4yjS(44tS / >^< b 
i>—' o&^trZb$:¥f'&b-fZ>m&m7mMi<vW.?- • y 40 

* * i , y 

[?»*jg9] mty ^$j±z^t?mk<vmtwi*±w 

7iESc(om^- y^<>*.'(*^m.-£tGmft<D&i$.m 0 
unxm 1 0 ] ie®i bMmmmizmfrmMmm*®: 
&Ltcmi$.<D±M#y ^tA—iikmMxhy, <»t£<b 
1 4 <D\,'-rtit)4z%5.m<nw. 

y- ■ y‘f-vj±'<*i'm>-&fcmft-*m'''z>zb%:w®.b-t 
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«F y ^VM.-yKMMX-h'O , 'pt£< b 

ii-jfnmm&mxm 7 ^ 9 fE«c<7>-g-/&£ic 4 y 

-rzz bz&mb-tz^mfry 

i&wvmmfmm 

loo 0 1 ] 

t:tc, mty ^*t;tsmk<om\Lm i t±<frb l 
$ e >(- n . ztibm * - y ^'? j *'(*> u -& Bm # foz > 

'7c£@ft: y =f- ? A “& 

mi-Bi-t-So 

[0 0 0 2 ] 

[ fi £ 3 tlO &$ ff ] ifr ¥. / ls=i ^ t ° zz.—f 

-wmzHzm&inmffimvmmitgjgizftik v&e 

TtX & V , 

■ci'-So ^<om&ffini%3zmm'b<z>mmb zx, mM 

< V'm • ^ ait . 43 4 u : SBfF B ^ ffl ^ 5^<^ fe t 5 ^- cv > 

5o co^a£®j££-fr5fc£i'{4. 
ti&&MXfo£~i!km-fc<7)<%iit£itfcT"JlKX'foO . ^- 
7j&x-&mm<DW3zmmt>mt>tix o '■&= 

[ 0003 ] wt-t. 

=¥-2B^k^^lBg-C-fc5Ci:^b. 4#(c®^|c©F5£Bg^ 

[0 0 0 4] 

iwntmfc^x? b-tz>mm] y 
3t. c-cyr^tto^nt^^fflo'-co'So ^<0 

tzt>, y<y L '?j>.~&:mtik<Dm^*/i'3r-&mikiz.b 

o\ m?(iirtSl5-c-(4pi^!fetil5^^^^-a!Soit:^S 

[ 0005 ] y 

-fmiotu. "i^ttow«^Sr^tt£oy y^-y 
4 , 4 " *^Bm&®fcnMn\ux*-tz.±®te y y l ?a 3 
m?iw fo tf e > n 5 „ 

[ 0006 ] £@&y y^!?Ar*m»(4. ie®!. 

J§. te£Xf : bn,b$:mxt>£ 5!-@frm«?M$ri2LT« 

-r 6 7c » Sris-g- 

[0 0 0 7] ®?tb,F^r*mtUb^SfS^^i:5 7ci6IC|4. 

mmfzvum • ®^e«s§ • y §0 3 0755 ^^ 1 - 

ffl£LT0^£(mtf7ct.7c0N^ N 

oatg^^-r-swiisf^-r^xsfrT'fosfc*. 

^ • y ^-^e^s§4Jj:u : c4o^e«ss^^®!^/gi(^ 
Bf I mi £ XZ > 4 y 

zzbnmmxhZo cofeto. ^:iaft:®?aT'(4®®s 
lCA 5 jlfTL-(-< O' 1 . fo-50'>(4. H,ffitRlfcA'?fb>ixt£l'ffi 

Wfr'kc*rt\,'zbfat>, %;ttom\mmi.fc< , ^^y 
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‘fcofco 

[0 0 0 8] ffih, 

y ^ *a -ikmMzmm-i-z 

zb&B&ob-tZ, 

[0 0 0 9] 

[^)asr»*-r5fc«)<7)^g] imvut. s^Me 

fiS'fMffliftx wtyy, Gftfby^-v u> 
= t> Afc5t/'fifilt(tT/i'$ = i/ A.fi'bteZ>m£ <0 mttti 

&'>*£< th-n<omm*^tsmm.<nmm*3iWb 

Ltzfe&wii&i&Lxmbfrzn?-- 

^esuflE-efcs. 

[ooio] • y 

tt-j®tii:ffli'- c^@^y 

[o o 1 1 ] ztubmi • y ^a^*- 

V®^g3lf$ : <0'a‘J5St)fe £ LT> MSi‘Me S« (Me 

tcKI) 

^tf»JSro^tife^±ft:-Cii>5)aa‘«iSr 10K/s»i 

co^a^r-^sfaM^ b-c-a'^c-rs,, 

[ 0012 ] «t{by^?A:}3j:tF«t{bJl 

3R. fiftfb y >•» (SHk<>Vu^=?A3b5i,'f4fifE 

<kr/>5 = !7A^e,7fe5l¥J: yiSffix^d>*< t t-m 

IstzmVfMM’g . St 

f&l-x HW ! MeS. (Mef±Utyg£fcf±1t8Ml<D 
*SMt««r*aiDLfc*, 30 

[00 13 ] 

fE» ufcm® zm v y i ? a - &«?&&»&-*- 

S-bcDT-foSo 

[0 0 14 ] 

fiftfcy LfcJHUmj: 

k>, mi- 'j3 L '}£.i*'sm-a-fcm#znz>zbfrx 

#x Sfcx ro«#e*#S:^i{*:y f !>isS^'>* 

& m-r 5 y i * j*-®.mMzmf$.-t 5 ctms. 

[0 0 15 ] 

[38W«OHi£(OJg<6] *3gW»±x e Sx (M 

e ii 1 mMntzrtm&m<nm&&mam&±#b-rz>& 
mam) X'm£tizm&&mmmbmit'j7-VJ>to£ 
tfmitmm. at^aiiR. mt#*-? -<?£*&> 

5V'»±»bT/FS = ?Aa>k&51¥J: <9miitiZ'>ti:< 

b t-aiDttflmfSr^triittroa^Sriflci: LTtiS-a- 
tr# • y 

X‘fc>Z>o 50 
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[0016] §?,!:> mi - y 

[0 0 17] M^MeSxX-S^^IS 

^flUffi-ffc^^x T i, V, C r x Mru F e x C o x N 
i« Zr, Nbfc5l'ttMo^*5S¥4?)igf4iT,5/> 
?£< b t>— o^-atft>c0T'fc5 0 
[0 0 18] $?>|w x fiK^sSSri^T^tft^-cfcS. 
[0 0 19] £fcx #3PJ!(4x a^ ! Me Sx (Me 

tt 1 MSS fc »4*»c«0*» A JH^Kt bXZ>&m 

jctd) zxmity 

isi ok 

/s«±T*^s®{bb-g'fig-t-5®^- • 

-g-g^^co-g-^fe T*£> 5c 

[0 0 2 0] £*b(:ix Wfcy^PASr^triMtoWfclfc 
£±<fci: UfcJS-g-^l^«S(b^^tft>C)T*fc5o 
[0 0 2 1] *389! Wu 

SiHx fiftlkffliftx ffiftlb y a(b^/^=!>Afe5lM4 

fiftfbT/FS = ?A;^ib&51¥,£ <3iltftL5 / >^< i: t>- 
SfcffiKx a^MeSx (MettlS^ifcliffi^a 

<r>m&&.mam$:±#k-rz&.mam) xmztizm®- 

£**flS*«:*BligLfc*x • y^!7A 

4- ^->?s^g^fr<o-g-^fe-efo5. 

[ 0022 ] $e,(w, MS« ! Me s*xm£tizm& 

n, V s Cr, Miix Fex Co, N 
i x Z r x N b fc5V'f4Mo *»P>*5l¥«fc 9 
&< 1 1— oSr-g-tft.WT'foSc 
[ 0023 ] $e>(^x mtvivj**^tsw&<r>mvto 
*±vtb 

[0 0 2 4] £fcx *!8W»ix jEJUBtftffiSIHJfcHfls: 

t)x '>&< tt— • y 

[0 0 2 5] STtx *«M«±x iEffijlirA}$JlPfl(C@ft: 

y-e?f&xz±m#vi'}J*-frmMxibz> 0 
[0 0 2 6] mikVltJ * fciffffiftilx 

BfEicy y> ®-(by/F^-!>Afo5V'i±«{br 

««c»SI[ft4fclr»»A*Slfl:4(»S:a#x iD^Lx 

5 - i:irj;yx mi - vit’j± 47 t>m>-&Bmmmb 

ixZZbifL^fcl.ltZb J-iEBi-So 
[ 0027 ] mk!)n?j*te£xmi£mm. ssgss^x 

mtv >x ffitfby/F-^-^AfcS^llffigTyFi -->A 
t t-aro»b^)^tf1S^<o«t(b 

JM£l$&0l£ LTx «Eflsy^-^Ai:Sl^laS#*±flEi:U 
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icj&a-u i& 
7FSffi#H^T-eUD^ mm-tzz. bX'&tiUstiZo ft 
ir, #&mt-tz>zt\c£ 

y, i 

'fa-yfcmte&zsmz-itz-s-L ite-g-frft-s-Ltzm 

i££LTi/'S„ m\3£ 

m<oftiii-6!t{b?®^. mitv's. mt 

7 >v* = t>Bi$-tz> z t a*-?# 

s. z.(vm<r>m#mMm<0'( roufi' 

fPsirik£fr5 it lei y Z<V&-8-t)&MCZZbtfX$ 

s„ /</i'tw:mxi o- 3 s/cm&.±, m& 

o- 4 s / c 

So z^m^mmmcom^B^iti&K . io-*s/c 
m^TX'fcSo 

[00 2 8] r^M^Tti, CO J: 5 
d, M^MeS. (Mefilffig£fcCi}*^il03I 
&&m7tm&3E#t-rz>&m7Lm) ts^iisstM 

ffi'tkyv&m-erL. mm. mm. -a-i&-tzzbiz£i?' y 
mmmhti s c t & mm Lfc 0 

[0 0 2 9] CO*I#lfi[gffcfl;#?M^ s 7c5l5 

w LTV 'fc y 7- m. 4 o z t & < , 

fcsvMi^m-rsckicj: y, co^k-a-w 5 

O' 

St>Oiiti?LTV'So 

[oo3o] ;®s^ • y^A^vjs-^e^fm* 

sulky B^kam, mtv-y. 

mt? *'■?=■ V J*&> S V MiBfHkT /F 5 - *7 A a><biSf*ft, 
S'>&< fct— «©Wk*iiS:^tri*Sfco*ft;<»43j:t» 
5£&*«Wb»«:ffi3-U ftlSSfix tSHLfcSL SrOBfcj&S: 

COk#, M&B 

anflsiii o- 4 ~i o- 3 sxcmrns<z>^^4^-'^Bm^ 
fimbtiZZbfrb. |«*fttSrfciP#i:tfSk 

l/'o 

[0 0 3 1] Lt, (ft9 

ISl 0 1 ~1 0 2 K/s) „ (1 0 3 ~ 1 

0 4 K/s) , 1 d- 7-M (1 0 6 ~1 0 8 K./ 
s) , 7.-f7 -y (1 0 8 ~1 0 10 K/s) ftifO 

ifrifca^lffctbS. 

[0 0 3 2] -»fc«Mfcy *■**&*#! «V'*#*lttk 
^SHt^Siis ^e#fr^B(Hk3£i$t£#tN§£\ S: 

t<*sri^f.> #*»k**#*fc*9, sft-fk y ^ 
Ait^SrSfeSCiraST^S. SrOifeS:, y^^A-f^- 
^e»«iS-S-L i Jt^^iSifeSCt^r-tSfcfc, 
i o- 3 s/cmiyi±<7)ii5i/'4'^^e#s* : s-r5?s-a‘e 



6 

at#&-a-j5fc-e# sfc»!i#ic»4 ut\ 

[ 0033 ] 

UHk%0b LTT i S, T i 2 S3, Ti Sz, T i Ss, T 

1 4 Ss , T i3S<, T i j S 5 H 1 OT i Si, V 2 Sz> V 2 
Ss. V S 3 , VSt. VSs?©VS.. CrS, CriS 
8. C rs S6. C r 3 S 4 , C r 2 S3. C rs Si^OC r 
Sx, Mn S. Mn Sz^cDMn Sx, F e S, F e 

2 S 3 . F e 3 S4 . F e Sj?®F e S> v C ot Sj v Co 
9 St. CoS. C 03 S 4 . Co S 2 ?©Co Si, N i 2 

10 S. N isSz, N ieSs, N i 7 S6> N i S , Ni 

3 S 4 . N i S 2 . ^ON i Sx, Z rz S. ZrS, Zr 
Si . 5 . ZrS2s ZrSiiOZrS., NbzS, Nb 
S. Nb2S3. N b 3 S 4 ^CON b Sx . M 02 Si. Mo 
S 2 . M o 2 S 5 . MoSiSWMoS.s te¥fcmfhix 
5 o 

[0 0 3 4] SfCs ScSxs YSx. HfSx, Ta 
S x . WSxs TcSxs ReSxs RuS., RhSx, P 
dSx. OsSxs IrSxs PtSxs foSV'liLa 
Sxs C e Sxteb'tDy 'y# S 4 KBfMk&s AcSx, T 
20 h Sxft^OT^fVd" KBftfk#J#i\ Sr co{&<Dm&& 

[ 0035 ] sfcs BS{ky bs 
fkffll^s BSIkyVs BSWky/P^ = ?AfcSiM3*<kT/P 

m*^mk<r>mc®*mm. nHStttufctoi::, m 
ze>mm&m&#i-rzzb\z£ 
y, mftmmn’pizm&&mmky9*#m-tzzbfr-e 
ts. zvfrmm-i. mit-mmum £ vm&&mmitvo 
Mjj<Dft&$:&-£Z>' O^y. y 
30 £xrm*Bm&.%G^xis'9. m* ■ 

-s&mftb lt^/s-tst btf-^mxhz* 

[oo3 6] z<D£?t£n*Bmi±*tt J *-tzm&&m 

Bfclk mb LTT i Ss T i 2 S3s T i S 2 . T i S3. T 
i4Ss, T i 3 Si, T i 3 S5«£CT i Sxs V2S2. V 2 
S 3 . VS3s VS4s VS5f©VSx, CrSs CnS 
8. C ri S6s C r 3 S 4 . C :2 S3 V C n Ss^OC r 
Sxs MnSs MnSzffflMnSi, Fe S, Fe 

2 S 3 . Fe3S4s F e S2?©F e Sx> Coi S3 V Co 
9 S 8 . CoS. C 03 S 4 . Co S2^(0C o Sxs N i 2 

40 Ss N i3 S 2 , N i6SSs Ni7Ss. N i S, Ni 

3 S4s N i S 2 s f©N iSxs Z r 2 Ss ZrS, Zr 

Si. s . ZrSzs ZrSj¥«ZrS<s NbzS. Nb 
Ss N b 2 S 3 . N b3 S4«?ON b Sxs MozSs. Mo 
S 2 . M 02 Ss, Mo Ss§©Mo Si, f£ biX 

Sc 

[0037] -£ft , ScSxs YSx, HfSx, Ta 
Sx, WSx, TcSxs Re Si, RuS., RhS., P 
d Sx, Os Sx, IrSxs P t S>, foS^'liL a 
S«, C e Sxteb’<D9>-? J 4 KBfifk^ls AcSxs T 
so h Sxfrt'iDT^ ys KBd^k«9*^s S©I©SM 
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[0038] x©t#. m&(omk;»k LTffifci£m& 

& it/# 7* 

#tt«i*fc»J*L^<*3Xi:!&»e>» #Affft£*8£ 

-g-ifc^S:S5«>Srt*s-C#S. *©*£;£. INMHtLfc 
-Y * fc 5 U ' 14®- Sr iS » 5 X t 

[0 0 3 9] X©5Hfti£Srffl</'fcifrg\ #»#*«;»££: 
*«te4&©«rt£t>*H-Xt*'P>. Ufc*^feJB«Ell: io 

!$)Sr«fef€t Lfc®ffiSr«/&-r$X t^X*#5„ 

[0040] -tele. £@#®®X>®®I4. 

X<Dt£. @»:®3!l»t««}£«i»»4fiC J F-lRl±©^Sltt 
t*5fc«>. rt*a5-l’>'f-^^dsS5<*o-CL^5. 
XtUeftU ±iE#»i£Srffll,'fc®[gX»4. 
i@fls:®»Wt<7)Rgie®^«^Jgfig^ixS7c». l*lgB4’ 

x t asx# 

^ o 

[0 0 4 1] 4 fc. ^@^®mw®ffile(4. 20 

u«/& 

$ns„ ua»u nnit^s.fotf±cz> tibiae m.m 

ftfeff • ®^-e#Sg • -Y d->€#BSW3o^lB]«Fle#^E 
LXV'*»ttbtf*P>*v'*^ £ll{fc®?liix*l4X;ft,t>©[t 
$BSr*r1-5tma^r^X@ffcXfc«5. ^rX>fc£>X©4 5 
*KJ&#B*JgfiKi-'5Ci:dS'HFlejaiLV\ XiJxlx/tL. 
^HfWt«W>«Wc< t t>-^©®®le±!ES^e#frSr 
fflv'fc®#. HWjS'g-fi5«flc*s®r?.e#K • -Y * ~>&m 
K^SrlSI^fle^fiK-f'Sfcfex ®ffil*lX*©®&rt:^®S so 
tat &&£#>. iSttJtfM 
4WK<. rtE-Yi-'lY— ?V*©(£V\ 
sr^r-rs^ii^y x t ^x# 

[0 0 4 2] 

[EitM] (§ni£« i ) *mmmx-i 4. ®^- • uf^ 

YtvM^eSft©SWi Lt. L i 2 S . SiSz, 

Ti S2*fflv'X^/SU ^roS^e^gieoi'XSi-s 
fc 0 JWTlemT-- r 

7Fi~o 40 

[0043] L i 2 S . S i S 2 . T i S 2 SrX/Ht 5 
0:35:1 5 \zM& X. 7 *■&*>-# 

^Wa+leA ft. Tsi'^'sfS. jfc«p 100 0 “CXADift L. 
»^*»»MKtti: Lfc. 2Hf|S]©;lHHR&. ifcjgSr;Kn 
-x-j£le4 DiB^U ^-/SSrfTofc. ^^«il4ILflc 
SrflH'XgfcfcRt L. filiglxifcLfc. 

[ 0044 ] s-r. xro-g-ja^wm^-ejsgieot'XBi 

«Tl!l-t©W*2T«fc*jjW-. M«)2 0 0mgS: 
111 0mm©F!fSWf*IX3 t o n«7uxEt*f^ 

1. OmmStl^Vy h«U ^(DffiiCmiZ'f J-'s' so 
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7oy^y^iittXP t®ffiSriEUXSiJ^ir/PSrlt 
jSLfdo aiJ®-fe/HXiIj5K«ES:j®U. ^7 
ffi'j®L. t®®*, x 

©fta-®# 3 . 3xiO- 2 S/cm®l^CSgStt 
5:t4!5i>ct, 

[0 0 4 5] &IX. -g-lit!feX>Xrd-ve»Sle-oi'XI^-< 

fc. xoaij®x*i4. w.+mm&T’v •y?-tz®ftmMJg 
tux 0 . 6 L i 2 S — 0 . 4 S i S 2 XS$ix -5 y 
A-Y^-^e^ttEfltmflPKSrfflV'Xai^Ufc. 

[0 0 4 6 ] tlTle^:Ci-a'fiK*-SfeSr^-r„ LizS. S 

1 S 2 SrX/Hfc 6 0 : 4 0 lejg-g- u. ZtVig&Vo&tfy 

xlfca-^ifmixA 4x. 1 0 0 Ot 

XflWRU Ufc. 2Bf^<7D^m. 

^?g^^n- 7 -&lej: DigitAL. 0. 6 L i 2 S — 
0. 4 S i S 2 X-S£4t5y ^A^ra-^eaWfeEfc® 
*K*»fc. X(75@fr«»®Sr?L^Srffli/>X*&^t U 
7c„ XCDif-fr^Sr-nfiScfe 2 0 0 m g StSlSI 0 mm©! 1 !® 
IS'rtX 3 t o n <F)~f 1'4Ei?J¥^ 1 . 0 mmSSl^^ U 
7 h£jgU MJfrfcA'fcSMtU 
ix4yx^->e#^^a'j^ufc„ ^®SS*. 2 . 2 X 1 
0- 4 S/cmffcSXiiWofc, 

[ 0047 ] x®u 

'J^jfeSrTIEtx^ 
■f“o -£•/&<$> 2 0 0 m g SrilES 1 0 mmCQRffriiS'F'lX 3 t 
on®7UXffiff^-l. 0 mmSglcXUy h/&Jf£L 
7c 0 -t©^*le±f2@fr®8?1fSr5 OmgfoRilex 
I-|S®L. 3H^Uj/ h Srff2(?£ Lfc„ h 

(OpfiSBleu i JSSrBHUaiJ®ir/wSr1#^U7c„ S'J^X/u 
lxiSjjfc®jtSrac U. 4«^-fele4y-<Ux hE®ffiSr»J 

s u &am<D'C *>tsm&&w*<iz. *©«*. x© 

•fk-a-^^4. 2X10- 4 S/cm®4 tyfif SSf t 
•5 XiiWofc, 

[00 4 8] (HI6M 2 ) ^HJSWX'14. ®-Y- • y ^ 

UX. L i 2 S . Si 

Sz. Ti S 2 SrX/Ht 5 5 : 3 0 : 1 5 t U7cW^I4|? 
16« 1 tingle ux-a-^SrlTV'. Pm© 'J *> 

f5«ttll^®»®Srffll'Xa'J^Srffofc 0 X 

3. lxi0- ! S/cm, Yt 
^iS^Sl4 5. lxiO-'S/cmffc^ei^fci'o 
fc 0 

[004 9] (^JSW 3) 7)C^JS^!|X*(4. ®^F- • y 
^ jr'sm&fcmtiWMtt&t UX. L i I . Li 

2 S . S i Sz. Ti S 2 Srffli\ -a-JjScSrfr ofcei^-l4H 

JS^IJ 1 t mm<n y 5" ^ AY *:H53fttiatt:®3$?® Srffl 
i^nt©^&x-^S:fTofc„ eirixa^- y^?A 
X ^-^(S-g-e^tt:©^i5gi!feSr^i-o 
[0050] Li I. L i 2 S . SiS 2 . TiS 2 SrX 
/Hb3 5:3 0:2 0:1 SlXigrg-L. 

7^^*— ^ViPS^IXAn. T/U^VStac^ 1 1 0 0 0 
tX'ADUftU ®^feSr®i®^«it U7e„ 2B#P^©aD«i 
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fc 0 L, WfctettLfc. 

[00 5 1] 3lKa#H 1 

Sf^SSgSrHW^fc. C 

g(12. 1X10’ 2 S/cm> 'ftygigli4. 6X 

1 O' 4 S/ cmt'fcS^ii'bi'ofc, 

[00 5 2] (Utetfi 4) mmmmxii. M*' V 

L i2 S, P 

2 Ss x TiS2ifflv\ '&i&zftotcsifuznMmi t 

m¥k<r>'J IHWI© io 

^Ss-CHiftSrfTofc. y ^ >iga- 

[0053] L i 2 Sx P 2 S 5 x Ti S2^r ; e/Ht5 7 : 
28:1 5 Iwjfe'o’ Lx LCD^^^f^l^A L, 

9 0 OlCI**©*, *****«!»£*£ 

Lx -g-^^fTofCo #JiM6f4»LHtSrfflV'T»*«i: Lx 
S'JSIwttLfc, 

[ 0054 ] mmm 1 1 
w.$xmmmzm'<rc„ 

mm. sxio^s/cm, -ftyeisai. i* 2 o 

1 O’ 4 S/cmtfc5iti s b/i'ofc 0 

[ 0055 ] (Sims) ^JEweii, m^-* y^? 

Ltx L i 2 S x B 

2 S 3 x T i SzSrffli/'x -&^*fTofcgl^tt*J£«a|l i 

[0056] L i 2 S x B 2 S3 x Ti S2§r"e/Ht4 3 : 

4 3:1 5lC®-a-Lx CcOiga'^^i'^t-itALx 
9 0 0 < Ct#i©t> L&^-feifi 

Lx -g-fiSc^ffo^,, -frj*|fctt*L«tS:fflk'r©^«i:LM 

5&£#feLfc. 30 

[00 5 7] mmm 1 £ l^i£©;fri£T**&^:tK©a'J5fc$5© 

msse^g&fi^fc. ^o^m. wxnm+em 

mm. 9X10- 2 S/cm> -ftXESSlll. 8 X 
1 0' 4 S/ c C i A'bA'ofc, 

[ 0058 ] mt m 6 ) *mmmxrx. • y *■ ? 

LTx L i 2 S x Ge 
S 2 x T i S2&fflV\ 1 

«©3l®*&fTofc, eiTlc-g-^teSr^-T, 

[00 5 9] L i 2 S x G e S 2 x Ti S2^/Ht4 
3:43:1 5{Cjg-g-Lx LC0iE-g'^4:^^l : 4 1 l-#tA 40 

Lx 9 0 0VX&MO&. 

ftLx ^^tTofco ^jWfctt?L#*fflV'-C»SEtti:L 



10 

S>J^I^»Lfc„ 

[0 0 6 0 ] 5IIS09 1 t fflffiOj3mX-ffiifctf;<D-&f&yoO 
mSaeaigSrSS^fc. ^co^^x ::«■&*»© VH5* 

gill. 6X 1 0‘ ! S/cmx Tlxtstllll. IX 
1 0' 4 S/cmffc5:Mibi'ofc, 

[ 0061 ] (mmm 7 ) **mit-i4x ht- • y ^ ? 

L-Cx L i 2 S x AI 2 S 
3x S i S 2 x T i S2^rffll'x ’a’rflt&fTofzlUf'i-Hmm 

[0062] LizSx AhSix S i S2> T i S 2 & 
X/Uit 50:90:26:15 (rjg-g- Lx 
l/^^-^Vifift^KAlUx 10 0 

OlC-C-iD^Lx *#»*»»:[*** Lfc. 2B#F 0 1(75iDia 
ix S^^n-7-SI-J: y j@&&Lx -a-fiSc^ffo 
fc. a-^llfL^ffli/'T^^i: Lx S'J^lcgLfc,, 
[ 0063 ] mmm 1 tiwmo^mxB^o-^^o 
-ZrOffiM. ZO'B-^g.^ooM-T-G^ 

gill. 8X10- 2 S/cmx T1X6#S(11. 3 X 

1 O' 4 S/c mt'fcSC t 

[ 0064 ] (mmm 8 > mmmmxK. m 1 - • y 

l-cjusw 1 T'fflv'fcT 

i S2tftlx LTT i2 S3x V 

2 S 3 x Cr2S3x Mn Si, F e Sz, CoS2, Ni 

Sx Z r 2 S 3 , Nb2 S3db'J:0«Mo2 S3-lrffli'fcLI.^Hl 

mmmi bmm<Djjmxm$kzft''\ 

^gKoiATfS-sfc. 

[oo6 5] ±ses# 

^JR«(£{b«> (£1P$, M e SxT*^i“) iLizStSiS 
2^L i2 S : S i S 2 :MeSx=50 : 35: 1 SO* 

A-ttlciga- L, 4?vit^ c l 3 l- 

Alt, T ivzS's^M*? 10 0 O'C-CiDfiLx (&■&<&)& 

ittlt Ifc, 2B»m«>A]JR&x »»**n-9-*feK 

lDlt»L, a-^Srffofc. «-J5MfclHL»«:fflV'Ttt 
*«iL WJ6l::ffcLfc. 

[0 0 6 6 ] 

Fill tm&O'J 
muojj&xmfe Lfco 

[oo6 7] aojenj: 'onhtvtc4^->'Bmm. 
mm&m 1 
[0 0 6 8] 

[SU 
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M-a- U/UMeS, 


-Y 

a „ (S/ cm) 


a t (S/cm) 


Ti 2 S 3 


1 . 2 X 10" 2 


3 . 6 X 10 -4 


V*s, 


1 . 1 X 10~ 3 


2 . 3 X 10 -4 


Cr 2 S 3 


1 . 8 X 10' 3 


2 . 6 X 10 ‘ 


MnS 


l.oxitr 3 


2 . 2 X 10 ‘ 


FeSj 


9 . 7 X 10' 3 


3 . 7 X 10’ 4 


CoS 2 


6 . 2 x 10 ^ 


4 . 2 X 10‘ 4 


NiS 


7 . LXKT 3 


3 . 5 X 10‘ 4 


Zr*S s 


8 . 2 X 10' 3 


3 . 1 X L 0' 4 


Nb 2 Sj 


i.oxht* 


3 . 2 X 10’ 4 


MOjSj 


8 . 2 X 10' 4 


2 . 1 X 1 (T 4 



[0 0 6 9] Sk±a>n^b. SE • 'J 

A-f X:xjg-g-{5Sfr;a S: i#5>*v 
[00 7 0] (HI6« 9 ) It, BRfcRttOH 

• #»£ &&n<t 20 
sxTtto&i&xm 

Sr^'t'o 

[0071] L izS, SiS2 £X/Hfc 6 0:40 |C?S 

-g-u 7 

1 0 0 O'CXflDflftLs 

Lfc„ ;©i«:ML3 0wt%OT 

1 Sa&febnu ^Sfc^-arfc. rwdt^^n — 7— i£ 

1C J; 9 jfiftft Us #*Wk*4h*»fc. 

[0 0 7 2] £<7>[b^fc*Sl$*X l tSM&U 
’brofcHiffim ■•£ 30 

(Dig^s U< 7 )-g-fi!cfe< 7 )®^e#Sli 2 . 5 x l 0 _2 S / 
cnu 't'X>e^Kli4. 2X10- , S/cm?fc5: 
t t'frb'otZo 

[0 0 7 3] CfflCiK, ^IPJU-.fcSirS^&flMK 
y f ■> A^f Lti< c t 

-fitifr'zTz o 

[0 0 7 4] (H#50!l 1 0) ^HJgWX'lis E^S^® 

t LT L iCoOz, gBEjifeKi LX I n£fflV\ IE 

®icfc'it-5m^-e#s§ • -< \zMmw 2 40 

x-g^ufc®-?- • 

-g-dStelf+tlcov 'Xl^^fCo 
[0075] • y a-c 

2 il^^o^jfex-g'fife^ffvx fL&Srffli/'Xt&fMKi U 
fcf&s L i C o 02 t 4 0 : 60 WfigitX'^-g- 1, E 
ffig-^JE Lfc„ 

[0 0 7 6] SffcmftP’lfliO. OlLiiPOi-O. 6 

3 L i 2 S — 0 . 3 6 S i S2X^$2x£#(fl®y ^£A 



•Y^Bfle«WW4rfflt'fc. WTf-CW|SfrmS?KW'g- 

[0077] L i 3 P 04 s L i 2 S s S i S 2 SrXvHfc 
1:6 3: 3 6 Icjg-g- U 

Vitfiffi'EClAJX 0 0 OXXflP^U 

S-g-ifeSr^Sfc^lit Ufco 2 B$ratf>ini?P&&s 

-T-i&lwJ: yglftU 0. OlLiJPOi-O. 6 
3 L i 2 S — 0 . 3 6 S i S 2 X*^£*v 2 >y 7-^^4^'y 

JftjfctKt Lfco 

[0 0 7 8 ] 1®34 xsi 

£@fry 5 L £A“&®jyii<DKffil2]£fflV'X:^-fo E®g- 
a2 15mg, BM®S4 0mg> In9 5mg^rlHi 
(CiPffifilc^X 5 ^ i tc J; <3 Efig 1 , @^m«f®2fc'J;0' 
^S3d'6/i5 4=9mm«3l^U'7 MSrfflJjfcU ® 
PfeLfc3g^<I^y I'&R 12 2 SI^XcD^XA'UXSi 
a-fix-jr— *4l*9lwA . ^s #XXy h 5$r^LXStnt£ 
6 icj; y s-p ua-f xs£@#y 
MUfc. 

[0 0 7 9] S7cs tttSErofctos Efirg'3J£-L12@f*:m 
(IflHiCoOis 

>/ ;7& 39:59:2 cOfcfc^X*2E-g- Ufc'bO£ffll/\ 1^ 

s©^ffit*a -i* y ^ -y AE^m®srf^sii l 

fc . 

[ 0080 ] t tc*%. m & <t mttsw = 2 -< '^m±m 

B&s lbfttB%*l 5 0 m As 
±(8®J£3. 7 Vs TPS®E2. 5 VX-^SfcSfcfTo 

*:*£*«:* 2 \Z 7 rrr„ 

SESM vtr-^^xefeSrBi'fc. 

[00 8 1] 

[ 312 ] 
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iH 






)AMm<n±®& 




gg|g 


txn&m. 

(mAh) 


- i ^^“^7 
<«) 


tmmt 

(mAh) 


(Q) 


1 


7.43 


541 






2 


7.32 


602 






3 


7.55 


588 


5. SB 


■■1 



[0 0 8 2 ] Eis-^jirfr^co®^ • 

2 5 %sg±tun u rtgiw v e— y'sxtt 7 0 %m^® 

TLf;. 

[0 0 8 3] &±<D£5iz* fr*9Jlw«fc5£flEixfc®a 

WttSr^rr 5 y *■ * -ae*****/*-?* * - ± &&& 

■o fc„ 

(*i£«l 1) jE®S«&»£ LtLiN 

1 MMMl 0 t m&k<nm%i&fr 

[ 0084 ] n* • y ^ ? a-t 

2 ira*©*ifeTte/*«rm\ ?Lifr£Jf?(OT*&fr:t£t L 20 
fc®L L i N i 02 i 4 0 : 60 Ofiajfe®-g- L, jE 
fS^Ji L/c„ 

[0 0 8 5] @fr®8?®(23l;®#J 1 0 ipm 0 . 01 
L i 3 P 04 — 

[0 0 8 6 ] 



2 1 5 m g „ Hifr1||/i?fC 40mg, In95mg SrlASIC 
/)DlE/?!cJf 5 ' 4 ' •£> .H i (C. <£ *9 4 = 9 mm© 3 ® / 4 Uy h 
)SL Bl&LfzSJW^U-y h£R 1 2 2 5t-fXo^f 
VL^igri^ >*•— s^pcAfbitR L=»-f >H:£@fr y 

[0 0 8 7] $fc, ifcISEOfcft, jEffi-g-aySrifESfr® 
*Kt L i N i O2, LTTir^L-^^7 

S' ^ Sr 3 9 : 5 9 : 2 LfcfcWSrflHv [^ 

-r y y- * l 

fc. 

[0 0 8 8 ] f^»[Lfc 2 |E*M* 5 J:Ty'tt:tS! 0 =i-f ^ai^H 

fry ibfrmwa: i 5 o m a, 

±BM«ffi3. 4 V, T®®ffi2. 5 V-C-3t«cmS:fTo 
fc. SctR^ajsit/yESNFOrtSlS-Otf— ^>^Sr 8 S^< 



0. 6 3Li2S-0. 36S i S2tS$ jgiSfc-f V fc“— I, %fc. 

[0 0 8 9] 





jEffi-g^J 


[3§ 3 ] 




y ^ *7 A " ft®*! 


!) ^ A_n5cffife 1 


!!&#-§- 




'fyf-^yy; 




•(yt'-yy;; 




(mAh) 


(O) 


(mAh) 


(Q) 


1 




780 


6. 11 


1911 


2 


| - 


821 


6. 21 


1851 


3 


7.71 


751 


5. 97 


2042 



10 



[ 0090 ] jEffi^jicfr^ggon-?- • y *j- 

^A^fr^ig-g-eatfrSrffli/'Sw tlni*), 

2 5 %HgJf /JD L, F^lSR-f > t°— 6 0 %MS.i& 

TL/Co 

[0 0 9 1] W±oj:5L:, fr38WPr£5 1 ®*b/fc®*, 

o /to 

[00 92 ] 1 2 ) frUJSM-Ctt, 

t LTL iMn 2 04^rfflL>fcH^t-fi, HJStffJ lot |sM 

[0093] ®^- • yf^>f fr>*-&e»fr«t*J6M 
2 tra^co^feT'-a-fig^fTi/L ?LS^:ii't{JMtL 
fc^, L i Mn 2 04 t 4 0 : 6 0 CDfifitfCig-g- L, IE 
H^Ji: Lfc. 

[00 94 ] @fr®ft?JCfi??; 6 S 0 i| lot pm 0 . 01 
L i 3 P 04 — 0 . 63Li2S-0. 36SiS2fiJ 50 



ixSiHMIffy ^?AWfr^@fr®ftmSrflliofc. 

[0 0 9 5] atKIOW«»©f^K&ttSr5%-f. 

2 15mg, ifrlig4 0mg, I n 9 5 m g fcltgCI 
llU&.lfel&'X Z> L 1 Jr y iS^ 9 mm<75 3 JS-^ u y h 
^L 31^1/^ h£R 1 2 2 5 X<7);*.-r- 

xrt IcAtbitP la-fvlilfl:!) 

[0 0 9 6] Sfc, tttfctfJ/CSA IE®'g-^ISr±SE@frm 
SftL iMniO*, LTTir^l^>'X5 i 

7 ^ 5 : 39:5 9 : 2 Ott^-Cig-g- Lfc t |^ 

xs^iafr y y^Ar&m/fc&frSiL 

fc. 

[0 0 9 7] frML/tfr^WfcJrO'frferoa-f^^:® 
fry?=-!?A-#c®&«-3fi$\ WS«ttl50^A, 
±PS®ffi3. 8 V, TPS®£E2. 5VX'?5»®^fTo 
fc. SrH^a^ir/yEm^fD^gp-Of— 
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r^4 yt- $'>xcogi]fei3. 



10 0 9 8] 





im 4 ] 
















'i 




(mAh) 


(a) 


(mAh) 


(Q) 


1 


6.3L 


IL61 


4. 72 


2810 


2 


6. 15 


1082 


4.91 


2430 


a 


6.44 


1025 


4. 93 


2582 



10 



[00 9 9] £cD*§|^ • y f- 

S4:®^S(± 

3 0 %H,giiJD U rtgfi'l' >" t°— :/^^.|±7 0%®S-(S 



nmzftmu *<ommitt:Wh<it, itzttmatm 



TLfc. 

[0 10 0] «±©J:5|::, 

ws**"**s y ^ sit #*>*» 

O fc 0 

[0101] (^JSW l 3 ) JIJSM 8 T* 

KWLfcF e S2£ffli/'fcH; J F- • V‘7-$&'(jr'siB &‘ g 

i 2 S : S i Si : FeS2=50 : 35 : 1 5^ 20 



[ 0102 ] i / tmi,tz*&9ii3£xfitk&<7>=i'('sm£m 
&'j?-?j>-?knm&3mz, tbf£m®s 1 5 0 n a. 

±«*E3. 7V, TI5SS/E2. 5 VX'ftMcm&fto 
iw^i~ 0 ^jop’igB-i' ^t°— 

3^4- 
[0 10 3] 



pMg[ ioj: mmcpjmjj^r >m±m& [^ 5 ] 





w » & y ? a - 






Sc^Pfi 




ifr'2£?3: 


4 




(mAh) 


<n) 


(mAh) 


(Q> 


1 


■ 


611 


5. 92 


1832 


2 




576 


6 . 02 


1923 


3 




592 


5. 88 


1956 



[ 0104 ] TEm&m\z.*wn<r>w.T- -i)?- 30 

tlc«t 9, 

2 5%g££if;&DU rtSR'f' yf- y>-^l±7 0%gS(6 

TLfCo 

[0 10 5] «_tcr> £?(;:. 

#ttSr^Ti-5 y If- t?J» -ft*®**/*-??# 5 r t 
•ofc o 

[0106] (msoii 1 4 ) rns^i 9 x 

fS]-'fco 

[0107] L i 2 S x S i S 2 40 

£6 0 : 4 OcO^/HfclwJS-g-L,. -£©*g-£-!g3£#=2 

100 ot:-ejD 

}&■&%) Zt&MttWib Lfco 2 B#Rg©;(JD$l®L 

‘f’KT i S2^7Sr4 Ow t%<7)figfct-C-^Db)tmx 

3?n-7H£fc«fc9igfc?frU ^/&£fTofc 0 £-fiE$Sj«i 

Ltz 0 

[0 1 0 8] oiimtswo. 01 

L i 3 P O 4 — 0 . 6 3 L i 2 S — 0 . 36SiS2t-fc! 



[ 0109 ] jEisttx mftmMwt l i c o 02 , m* 

3MKMi L-CTir^U'>-^'9s/^'Sr3 9:5 9: 2<75tb 
^■CiS-a L/ct) 

[0 110] lEffi^J 

1 3 0 m g s 4 Omg, gg-g-^J 1 1 0 m g 

«r«Slw*BJE^^-f-5 b b 1C «fc t) igg 9 mmO 3 U y 
h£^$cL. Jgfi)cLfe3jl^<U's/ 5 £r i 2 2 5f--f X 
©xry^®: i-T VA— In/f 

[0111] £fc, tfctfcofcft. i S 2 

£6 0: 4 0<7)agtt-C-®-a-Lfct.<O£^^-g'^Ji: U 
(5)1t^*-fe-C-3 4'>®±@^a?th,£ftKL7c: 0 
[0 112] 

»y^^A-#:Wft4.3flSr, 1 5 0 it 

A> ±Pg«E2. 3 V\ TPSSJBE0. 5 VT*3fe!rfc®£fT 
ofc, ^®#gib'J:U'3ESB#<7)rta4' >-t”— 
^<fcig*£^6 Iw^-T. &*3rt8M’ 

[0 113] 

[f?6] 
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oms g? & ]) * * a - Kmm 






(mAh) 


(Q) 


warns. 

(mAh) 


-Cyt 0 — 

(a) 


1 


4.11 


2342 


3.15 


3151 


2 


4. 25 


2178 


3. 02 


3310 


3 


4. 22 


2259 


3. 22 


2955 



[oi i4] 

ilcj; y. S(i3 5%m 

gifflOL. rtS-(yt*-^y^il3 0%SS®Ttt„ 
[0 115] J21i:<70j: ?t£. 

otCo 

[ 0116 ] **3. n* • v 

iU, 0. 15TiSz- 



0. 


5 


L 


i ; 


VJ 

0 

1 

c n 


\ 5 S i S z N 


0. 


1 5T i 


Sz~ 


0. 


5 


5 


L 


i2 S- 


- 0 . 


3 S i Sz N 


0. 


1 5 T i 


Sz- 


0. 


3 


5 


L 


i I - 


0. 


3 0 L izS- 


- 0 . 


2 0S 


i Sz x 


0. 


1 


5 


T 


i Sz- 


- 0. 


5 7 L i 2 S 


-0 


. 2 8 F 


"2 Ss v 


0. 


1 


6 


T 


i Sz- 


- 0. 


4 2 L i 2 S 


-0 


. 4 2 B 


\2 S 3 N 


0. 


1 


5 


T 


i z S 3 


- 0 


. 5 L iz S- 


- 0 . 


3 5 S 


i Sz, 


0. 


1 


5 


V 2 S3 


0. 


5 L i 2 S — 0 . 3 5 S i 


Sz, 


0. 


1 


5 


c 


r z S3 


-0 


. 5LizS- 


- 0 . 


3 5 S 


i S 2 , 


0. 


1 


5 


M 


n Sz - 


- 0. 


5 L iz S — 


0. 


3 5 S i 


Sz, 


0. 


1 


5 


F 


eSz- 


- 0. 


5 L iz S- 


0. 


3 5 S i 


Sz, 


0. 


1 


5 


C 


03 S4 


- 0 


. 5 L iz S- 


-0. 


3 5 S 


i Sz, 


0. 


1 


5 


N 


i 3 S4 


- 0 


. 5 L iz S- 


-0. 


3 5 S 


i S 2 



Jm'XSfcW&fTofcflS. =gy£5Hfc<7>#ltto3tt><Z>. age 

MeSx-L i2S-G 
e Sz. Me Sx-L iz S~A 1 2 S3 t£ 

MeSx- 

LiCl — L i 2 S - S i S2 . MeSx — LiBr — L 
i 2 S — P 2 Ss t£ if coffeco^ n yy-fb y ^ !?2>> : Sr'a tf ^ 
CO. SfcMe Sx-Li I -L iz S-S i S 2 -P 
2 Ss. MeSx-Li I-Li3POi-Li2S-SiS 

2 1£ if <Dm. 5 7t& t'Dmmm -msaw %frt>?£ 

tiii> 

fttLX. r^f>HiSf!lT*Sft§q^fTofct><7)|cPS^$n- 

5i><7ox&c\, 

[0 117] Sfc. jS'g-e*ff(OT^/w>’r ^(tico^fe 

tLx. iiMfiiiD- 7 ^ 

/^oTt^cOfewyjftXT =e^7 7 Mt^c'H^ 1d5&\’X& 

mwnm* • y u 

T*^V> 0 
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